relatedness between strain AKS622 T and N. marinus S1-08 T was 46 %. Optimal growth of strain AKS622 T was observed at pH 7.0, at 15 6C and with 2.0 % NaCl. The predominant cellular fatty acids were anteiso-C 15 : 0 , iso-C 16 : 0 , iso-C 16 : 0 3-OH, C 17 : 0 2-OH and summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c). The DNA G+C content was 37.9 mol%. The major respiratory quinone was MK-6. Phosphatidylethanolamine, four unidentified glycolipids, three unidentified aminolipids and one unidentified lipid were detected as major polar lipids. On the basis of the data from this polyphasic taxonomic study, it was concluded that strain AKS622 The family Flavobacteriaceae is one of the major branches of the phylum Bacteroidetes (the Cytophaga-FlavobacteriumBacteroides group) (Garrity & Holt, 2001 ) and was first proposed by Jooste (1985) . The family was formally described by Reichenbach (1992) and the description subsequently emended by Bernardet et al. (1996 Bernardet et al. ( , 2002 . The description of the genus Nonlabens, a member of the family Flavobacteriaceae, was recently emended (Yi & Chun, 2012) . The genus Nonlabens comprises, at the time of writing, nine recognized species: Nonlabens tegetincola (Lau et al., 2005) , Nonlabens dokdonensis (Nedashkovskaya et al., 2009; Yoon et al., 2006) , Nonlabens xylanidelens (O'Sullivan et al., 2006) , Nonlabens sediminis (Khan et al., 2006) , Nonlabens spongiae (Lau et al., 2006) , Nonlabens ulvanivorans (Barbeyron et al., 2011) , Nonlabens marinus , Nonlabens agnitus (Yi & Chun, 2012) and Nonlabens arenilitoris (Park et al., 2013) . Members of the genus have been isolated from diverse soil, freshwater and marine environments. In this study, we report the polyphasic characterization of a psychrophilic bacterial strain, AKS622 T , which was isolated from an Antarctic glacier, and propose that this strain represents a novel species of the genus Nonlabens.
A sample was aseptically taken from a core of glacier ice collected from the coast near King Sejong station on King George Island, Antarctica (62 u 139 S, 58 u 479 W). Strain AKS622
T was isolated using a dilution-plating method on 1/10 diluted marine agar 2216 (MA; Difco) at 10 u C. After primary isolation, the isolate was routinely cultured on MA and ZoBell medium (ZB; 5 g peptone, 1 g yeast extract and 0.01 g FePO 4 per litre of 20 % distilled water and 80 % aged seawater) at 15 uC and preserved with 20 % (v/v) glycerol at 280 u C.
Cell morphology was examined using a scanning electron microscope (AURIGA; Carl-Zeiss). Gliding motility was determined using phase-contrast light microscopy after growth on quarter-strength ZB solidified with 1 % agar according to Bowman (2000) . Growth was tested in ZB at 12 different temperatures at intervals of about 5 u C from 8 to 60 u C in a temperature gradient incubator (TVS126MA; Advantec) for 3 days. To test the NaCl range for growth, ZB was prepared with distilled water, and sea salts (Sigma) was supplemented from 0 to 7 % (w/v) because the strain not only required NaCl but also other cations such as Ca 2+ for growth. Sea salts (Sigma) contained approximately 83 % NaCl. Growth rates were determined at pH 4.0-9.5 in ZB adjusted with 10 mM MES (pH 4-6), HEPES (pH 6-8) or AMPSO (pH 8-9.5). Catalase and oxidase activities were determined using ID-ASE solution and oxidase reagent (bioMérieux) according to the manufacturer's instructions. Production of H 2 S and indole, and hydrolysis of starch, aesculin, casein, urea and CM-cellulose were tested according to Smibert & Krieg (1981) . DNase activity was detected on DNase test agar (Difco) with methyl green. Results were examined after growth on agar plates for 3 or 5 days. The biochemical properties of the isolate were investigated by using API 20E, API 20NE, API 50CH and API ZYM strips (bioMérieux) and Microlog GN2 plates (Biolog) with a cell suspension prepared in a 2.5 % sea salts (Sigma) solution. To confirm anaerobic growth, cells were inoculated in ZB in the serum vial capped with an aluminium seal and cultivated at 15 u C for 7 days. The isolate contained proteorhodopsin, the gene sequence of which was confirmed using one primer set (PR-Flavo-F and PR-Flavo-R) reported by Yoshizawa et al. (2012) . Unless otherwise stated, phenotypic characterization was conducted as described previously (Kwon et al., 2005; Yang et al., 2006) . Cellular fatty acid profiles were determined by using the MIDI/Hewlett Packard Microbial Identification System (Sasser, 1990) according to the manufacturer's instruction with cells grown on MA for 3 days at 15 u C. Polar lipids were extracted using a chloroform/methanol system and separated by two-dimensional TLC using silica gel 60 F 254 Table 1 . Differential phenotypic characteristics between strain AKS622
T and its closest relatives in the Nonlabens clade
Strains: 1, AKS622 T ; 2, N. marinus S1-08 T 3, N. agnitus JC2678 T . All data are from this study except where indicated. +, Positive reaction; 2, negative reaction; W, weakly positive reaction. All strains were Gram-negative and formed orange colonies on MA. All strains were positive for oxidase, catalase, hydrolysis of casein and gelatin, acetoin production, alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase. All strains were also positive for assimilation of glycogen, a-ketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, succinic acid, alaninamide, L-alanine, L-alanyl glycine, L-aspartic acid, Lglutamic acid, glycyl L-aspartic acid, glycyl L-glutamic acid, L-proline, L-serine and L-threonine and weak assimilation of N-acetyl-D-galactosamine and DL-a-glycerol phosphate. All strains were negative for degradation of DNA, urea and CM-cellulose, indole and H 2 S production, nitrate reduction, esterase (C4), lipase (C14), a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, amannosidase and a-fucosidase. All strains were also negative for assimilation of Tween 40, Tween 80, L-arabinose, D-arabitol, erythritol, Dfructose, L-fucose, D-galactose, a-lactose, D-mannitol, D-mannose, melibiose, methyl b-D-glucoside, D-psicose, raffinose, L-rhamnose, cis-aconitic acid, formic acid, D-galactonic acid lactone, c-hydroxybutyric acid, p-hydroxyphenylacetic acid, itaconic acid, malonic acid, propionic acid, bromosuccinic acid, glucuronamide, L-histidine, hydroxy-L-proline, D-serine, DL-carnitine, c-aminobutyric acid, urocanic acid, thymidine, phenylethylamine, putrescine, 2-aminoethanol, 2,3-butanediol and glycerol. 6.5-8.5 (7) 6-9 (7-8)* 5.8-9 (7)D NaCl for growth (optimum) (%) 0.8-2.5 (2)d 1-5 (2-3)* 0.8-10 (1.7-2.5)Dd Hydrolysis of:
Major fatty acids Anteiso-C 15 : 0 , iso-C 16 : 0 3-OH Anteiso-C 15 : 0 , iso-C 15 : 0 Iso-C 15 : 0 , iso-C 17 : 0 3-OH Polar lipids|| 3GL, PE, 2AL 2GL, PE, 2AL GL, PE, 4AL DNA G+C content (mol%) 37.9 41.7* 37D *NaCl concentration was converted from the percentage of NaCl in the sea salts. DData from Park et al. (2012) . dData from Yi & Chun (2012) . §Data different from previous reports. ||AL, unidentified aminolipid; GL, unidentified glycolipid; PE, phosphatidylethanolamine. aluminium-backed thin-layer plates (Minnikin et al., 1984) . The detailed procedure was as described by Yang et al. (2013) . Fatty acids and polar lipids as well as biochemical characteristics were analysed with two reference strains, N. marinus S1-08 T and N. agnitus JC2678 T , which were phylogenetically closest to strain AKS622
T . The isoprenoid quinone of the new isolate was detected by HPLC according to Collins (1985) . The DNA G+C content of strain AKS622
T was analysed by HPLC with a Symmetry reversed-phase C 18 column (Stackebrandt & Liesack, 1993) .
Extraction of genomic DNA was performed by using an Exgene DNA extraction kit (gene All), and PCR and sequencing of the 16S rRNA gene were conducted as described previously (Sohn et al., 2004) . To ascertain the phylogenetic position of strain AKS622 T , the 16S rRNA gene sequence was compared with those obtained from EzTaxon (http://eztaxon-e.ezbiocloud.net/) (Kim et al., 2012) . A total of 1321 unambiguously aligned sequences were compared and phylogenetic trees were reconstructed using the neighbour-joining, maximum-likelihood and maximumparsimony algorithms in MEGA 4 (Tamura et al., 2007) . The resulting tree topologies were evaluated using bootstrap analyses based on 1000 resamplings. DNA-DNA hybridization was carried out to evaluate the levels of DNA relatedness between the tested isolate and its closest relative, N. marinus S1-08 T . The detailed procedure was as described by Seo et al. (2005) .
Cells of strain AKS622
T were Gram-negative, rod-shaped (Fig. S1 , available in IJSEM Online) and non-motile but showed gliding motility. Growth was not observed under strictly anaerobic conditions. Growth was observed at 8-20 u C (optimum 15 u C) and at pH 6.5-8.5 (optimum 7.0). It required a sea salts concentration of 1-3 % (w/v, optimum 2.5 %), equivalent to about 0.8-2.5 % NaCl (2 % NaCl for optimal growth). The presence of NaCl alone in the medium did not support growth and the requirement of other seawater components such as CaCl 2 (0.1 %) was necessary for growth. Further morphological, physiological and biochemical characteristics of the isolate are given in the description of the species, and in Table 1 with those of two reference strains, N. marinus S1-08 T and N. agnitus JC2678
T .
Comparative analysis of the 16S rRNA gene sequences showed that strain AKS622 T was closely related to N. marinus S1-08 T and N. agnitus JC2678 T with similarities of 97.9 and 96.8 %, respectively. Phylogenetic analysis based on 16S rRNA gene sequences using the neighbour-joining, maximum-likelihood and maximum-parsimony algorithms showed that strain AKS622
T formed a monophyletic clade with other members of the genus Nonlabens (Fig. 1) . Thus, sequence comparisons based on almost-entire 16S rRNA gene sequences showed a clear affiliation of the isolate to the genus Nonlabens. The level of DNA-DNA relatedness between strain AKS622 T and N. marinus S1-08 The major respiratory quinone was MK-6, in line with all other members of the family Flavobacteriaceae (Bernardet 
Nonlabens ulvanivorans PLR T (GU902979)
Nonlabens dokdonensis DSW-6 T (DQ017065)
Nonlabens xylanidelens SW256 T (GU902980)
Nonlabens sediminis CKA-5 T (AB206954)
Nonlabens tegetincola UST030701-324 T (AY987349)
Nonlabens spongiae UST030701-156 T (DQ064789)
Nonlabens agnitus JC2678 T (HM475136)
Nonlabens marinus S1-08 T (AB602426)
Zunongwangia profunda SM-A87 T (CP001650)

Salinimicrobium catena HY1 T (DQ640642)
Leeuwenhoekiella marinoflava LMG 1345 T (AF203475)
Gilvibacter sediminis Mok-1-36 T (AB255368)
Flavobacterium aquatile ATCC 11947 T (M62797)
Chryseobacterium gleum F93 T (M58772)
Nonlabens antarcticus AKS622 T (DQ660393) Fig. 1 . Neighbour-joining tree based on 16S rRNA gene sequences showing the phylogenetic relationships between strain AKS622 T and related taxa. Bootstrap values are shown as percentages of 1000 replicates, when greater than 50 %. Letters at nodes indicate that the corresponding nodes (groupings) were also recovered in trees generated with the maximum-likelihood (L) and/or maximum-parsimony (P) algorithms. Chryseobacterium gleum F93 T was used as an outgroup. Bar, 0.02 changes per nucleotide position. Yi & Chun, 2012) . The dominant fatty acids were anteiso-C 15 : 0 (23.1 %), iso-C 16 : 0 3-OH (14.0 %), iso-C 16 : 0 (13.5 %), C 17 : 0 2-OH (6.8 %) and summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c; 6.6 %). Unlike the two Nonlabens reference species, N. marinus S1-08 T and N. agnitus JC2678 T , the new isolate had higher percentages of anteiso-C 15 : 0 , iso-C 16 : 0 3-OH and iso-C 16 : 0 in their fatty acid profiles ( Table 2 ). The predominant polar lipids were phosphatidylethanolamine, four unidentified glycolipids, three unidentified aminolipids and one unidentified lipid (Fig. S2) . The DNA G+C content of strain AKS622 T was 37.9 mol%.
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The new isolate has phenotypic, chemotaxonomic and physiological traits that differentiate it from its closest described relatives in the genus Nonlabens. On the basis of data from the present polyphasic taxonomic study, strain AKS622 T is considered to represent a novel species of the genus Nonlabens, for which the name Nonlabens antarcticus sp. nov. is proposed.
Emended description of Nonlabens marinus Park et al. 2012 The description is as given by Park et al. (2012) with the following emendations. Starch is hydrolysed, but aesculin, urea and CM-cellulose are not. Indole and H 2 S are not produced. In API ZYM tests, lipase (C14) is absent. In Microlog GN2 microplates, utilizes glycogen, methyl pyruvate, a-hydroxybutyric acid, b-hydroxybutyric acid, a-ketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, quinic acid, D-saccharic 
Emended description of Nonlabens agnitus Yi and Chun 2012
The description is as given by Yi & Chun (2012) with the following emendations. In API ZYM tests, b-glucosidase is weakly present. DNA and CM-cellulose are not hydrolysed. In Microlog GN2 microplates, utilizes a-cyclodextrin,
L-serine, L-threonine, inosine and uridine, and weakly degrades N-acetyl-D-galactosamine, gentiobiose, sucrose, trehalose, turanose, citric acid, Dgalacturonic acid, a-ketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, succinic acid, DL-a-glycerol phosphate and glucose 6-phosphate.
Description of Nonlabens antarcticus sp. nov.
Nonlabens antarcticus (ant.arc9ti.cus. L. masc. adj. antarcticus of the Antarctic environment, where the organism was isolated).
Cells are rods with rounded ends approximately 0.3-0.4 mm wide and 0.7-2.8 mm long. Contains proteorhodopsin. Colonies grown on MA are orange, convex and circular with entire margins. Gliding motility is present. Grows under aerobic but not under anaerobic conditions. Growth occurs at 8-20 u C (optimum, 15 u C), at pH 6.5-8.5 (optimum, 7.0) and in the presence of 1-3 % (w/v) sea salts (optimum, 2.5 %). Ca 2+ ions are required for growth. 
